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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

. RESEARCH MEMORANDUM

EFFECT OF FUEL INJECTORS AND LINER DESIGN ON PERFORMANCE OF
AN ANNULAR TURBOJET COMBUSTOR WITH VAPOR FUEL

By Carl T. Norgren and J. Howard Childs

Leg2

SUMMARY

A direct-connect duct investigation was conducted with a one-

quarter segment of a zsé-inch-diameter annular combustor which had been

previously developed for liquid fuel injection. This combustor was
modified by changing the fuel injectors and the liner design for vapor
] fuel injection. A tobtal of 1l fuel injection schemes and 2 liner air-
; _ entry hole patterns were investigated as well as a liner designed for
i low pressure drop. Values quoted subsequently for simulated f£light
performance refer to operation of the combustor in a typicel 5.2 pres-
' sure ratio turbojet at a flight Mach number of 0.6.

The combustor giving highest combustion efficiencies (model 14I)
produced efficiencies above 98 percent at altitudes up to 61,000 feet
at cruise (85 percent rated) engine speed. Increasing the air flow rate
through this combustor to a value 69 percent above current design prac-
tice resulted in no appreciable effect on combustion efficiency at
56,000 feet abt cruise speed. However, the outlet temperature profile
for this combustor was unsatisfactory, and the pressure drop through the
combustor was approximately twice as great as for many production-model
combustors.

"The combustor designed for low pressure drop (model 15I) gave a
pressure drop only 60 percent of that for model 14I, but the combustion
efficiency of this combustor was low. The data indicate that combustion
efficiency could be improved by a liner design change to increase the
amount of air entering the primary combustion zone.

INTRODUCTION

e e e

A general research program is in progress at the NACA Lewis lab-
oratory to determine design criteria for turbojet combustors. One
objective of this general program is the development of combustors that
operate efficiently at lower pressures and at higher air flow rates, as
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rointed out in reference 1. The experimental combustor described in N
reference 1 operated with a higher combustion efficiency at severe con-
ditions when using vapor fuel than when using liquid fuel despite the
fact that the combustor was originally developed to obtain high perform-
ance with liquid fuel. No attempt was made in reference 1 to optimize
the combustor design for handling vapor fuel.

The research reported herein is a continuation of the work of ref-
erence 1. The first objective of the research was to improve the com-
bustor of reference 1 to obtain higher combustion efficiencies with
vapor fuel. The second objective was to reduce the combustor pressure
loss, since the total-pressure loss ‘through the combustor of reference 1
was approximately twice as high as the pressure losses obtained with
several production model combustors.

A direct-connect duct investigation was conducted with a one-

quarter segment of a 25%-inch-diameter annular turbojet combustor using
vapor fuel. The data obtained with vapor fuel are believed to be rep-
resentative of the performance to be expected when a fuel vaporizer is
incorporated into the combustor. The initial combustor configuration
was identical with the combustor of reference 1. The fuel injectors -
and the air-entry holes in the combustor liner were altered so that the
combustor was better adapted for operation with vapor fuel. A total of

11 fuel injection schemes and 2 air-entry hole patterns were investigated.

A new combustor liner designed for low pressure drop was also included

in this investigation.

The operating conditions investigated included low pressure condi-
tions typical of high-altitude, reduced-throtile flight and air flow
rates per unit combustor frontal area which are typical of current
engine design practice and 69 percent above current practice.: The data
presented. include combustion efficiencies, pressure losses, and
combustor-outlet temperature profiles over a range of fuel-air ratios.
The performance data are compared with similar data for the combustor
of reference 1: - o

APPARATUS
Installation and Instrumentation

The combustor installation and instrumentation were identical with
those of reference 1. A diagram of the combustor installation is shown in
figure 1. The combustor-inlet and combustor-outlet ducts were connected
to the laboratory air supply and low-pressure exhaust systems, respec-
tively. Air flow rates and combustor pressures were regulated by N
remote-controlled valves located upstream and downstream of the combustor.
The combustor inlet-air temperature was controlled by an electric heater.
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Air flow was metered by & concentric-hole, sharp-edge orifice
installed according to A.S.M.E. specifications. The vapor fuel flow
rate was metered by a calibrated sharp-edge orifice. Thermocouples and
pressure tubes were located at the combustor-inlet and -outlet planes
indicated in figure 1. The number, type, and position of these instru-
ments at each of the planes are indicated in figure 2. The combustor-
outlet thermocouples were located at centers of equal areas in the duct.
Pressure tubes were connect@d to absolute manometers; thermocouples, to
a recording potentiometer.

The fuel used in this investigation was vaporized commercial propane
from the laeboratory distribution system.

Combustors

Each combustor was designed to fit Into the same combustor housing,
which consisted of a 1/4 segment of a single-annulus combustor having an

oubside diameter of 25% inches, an inside diameter of 102 inches, and a
length from fuel atomizers to combustor-outlet thermocouples of approxi-
mately 23 inches. The maximum combustor cross-sectionel erea was

105 square inches (corresponding to 420 sq in. for the complete
combustor) .

A total of three combustor liners was investigated. The first of
these liners, model 13, was identical with the combustor of reference 1.
A cutaway view of the model 13 liner installed in the combustor housing
is presented in figure 3; figure 4 shows a longitudinal cross-sectional
view of this liner; and figure 5 shows the arrangement of the air-entry
holes in the liner.

The model 14 liner resulted from design modifications to better
adapt the combustor for handling vapor fuel. This liner (fig. 6) dif-
fered from the model 13 liner in two important respects: (1) the air-
entry holes at the upstream end of the liner were larger; and (2) the
radiation shield, which protects the fuel injectors from flame radiation,
was perforated to admit air into the combustion zone in an axial
direction.

The details of the model 15 liner, which was designed to give low
pressure drop, are presented in figure 7. The walls of the liner did
not diverge as did those of models 14 and 15. The air-entry holes in
the walls of the model 15 liner were identical with those in model 13.

The fuel inJectors were located in a manifold at the upstream end
of the combustor and injected fuel in the downstream direction. Some of
the combustors reported herein utilized 10 fuel inJjectors, while others

-
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utilized only 5 fuel injectors. To permit operation with either 5 or

10 fuel injectors, a dual manifold (shown in fig. 8) was used. The
various fuel injectors which were used in this investigation are shown
in figure 9. These fuel injectors were designed to produce various fuel
distribution patterns.

A total of 11 fuel injector configurations and 3 combustor liner
configurations was investigated; these are tabulated and described in
table I. Each combustor 1s given a numerical designation to indicate
the liner configuration (13, 14, or 15) followed by a letter designa-
tion to indicate the fuel injector design.

PROCEDURE

Combustion efficiency and combustor total-pressure loss data were
recorded for a range of fuel-air ratios at the following conditions:

Test |Combustor inlet{Combustor Alr flow rate [Simulated flight
condi-total pressure, |inlet total |per unit area, [altitude in ref-
tion Py, temperature, Wa/Ar, erence engine,
in. Hg abs Ty, 1b/(sec) (sq ft)|cruise speed
Op

A 15 268 2.14 56,000

B B 268 1.14 70,000

C 5 268 . 714 80,000

E 15 268 3.62 56,000

These conditions simulate operation of the combustor in a reference
turbojet engine which is a typlcal 5.2 pressure ratio turbojet operating
at a Mach number of 0.6. The crulse speed of the engine is assumed to
be 85 percent of the rated rotor speed. Test conditions A through C
require air flow rates per unit combustor frontal area which are typical
of current turbojet engines. Test condition E requires an air flow rate
which is 68 percent above current practice.

Combustion efficiency was computed as the percentage ratio of actual
to theoretical increase in enthalpy from the combustor-inlet to the
combustor-outlet instrumentation planes using the method of reference 2.
For calculation of combustor-outlet enthalpy, the temperature was computed
as the arithmetic mean of the 30 outlet thermocouple indications for most
of the data presented herein. For a limited nunber of data points the
average combustor-outlet temperature was computed from the relation

30
m, Ty
n=1

Tav = “e30
£ m
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which allows for differences in mass flow at the various thermocouple
locations. In this equation, Tgy i1is the average outlet temperature,

T, is the temperature indication of a single one of the 30 outlet
thermocouples, and m, is the mass flow rate through the portion of the
duct in which this thermocouple is located. No corrections were made
for radiation or velocity effecte on the thermocouple indications., - —

Combustor reference velocities were computed from the ailr mass fleow—
rate, the combustor-inlet density, and the maximum combustor cross-
sectional area (105 sq in.). The total-pressure loss was computed as
the dimensionless ratio of the total-pressure loss to the combustor ref-
erence dynamic pressure. The radial distribution of temperatures at the -
conmbustor outlet was determined at each test condition investigated and
at two values of combustor temperature rise (approximately 680° and
1180° F, the required values at 85 and 100 percent rated speed in the
reference turbojet engine at altitudes above the tropopause). The tem-
perature at each of the five radial positions was computed as the aver-
age of four thermocouple readings at that radial position (see fig. 2(b)).
The temperature rake at each side wall of the combustor was not included
in these average temperatures since the side walls exerted an influence .
on the flow pattern and the temperature profile which would not be
obtained in a full combustor annulus.

RESULTS AND DISCUSSION

The experimental data obtained in the direct-connect duct investi-
gation of a one-quarter segment of a 25%—inch annular turbojet combustor

with various fuel injectors and liner configurations are presented in
table II.

Accuracy and Reproducibility

Figure 10 shows values of combustion efficiency obtained with the
model 13A combustor at test conditions B and C. The data from refer-
ence 1 show values of combustion efficiency obtained prior to the begin-
ning of the investigation reported herein. Combustion efficiencies
obtained in check tests with this same combustor near the conclusion of
the investigation reported herein are also shown in the figure. The
combustion efficiencies obtained near the conclusion of this investiga-
tion average approximately 5 perxrcent higher than the values obtained at
the beginning of the investigation.

Figure 11 compares the radial distribution of outlet temperatures

obtained with the model 13A combustor in reference 1 and in the check
tests with this same combustor near the conclusion of this investigation.

CONFIDENTIAL
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" The combustor-outlet temperature profiles obtained in this investigation

were more uneven than those obtained in reference 1. Progresslve warp-

ing of the liner is believed to have caused this effect. Previous -
experience has shown that as the outlet temperature distribution becomes
more uneven, the mass flow per unit area also becomes more uneven, with
the mass flow per unit area varying inversely as the valr. of tempera-
ture. This means that an average combustor-outlet temperature computed
from the arithmetic mean of the various thermocouple indications would
be erroneously high in those cases where the temperature profile was
very uneven. Consequently, the combustion efficiencies of reference 1
are believed to be reasonably accurate; whereas those obtailned near the
conclusion of the investigation are believed to be high because of the
nonuniform outlet temperature profiles. '

2837

At a limited number of test conditions, total-pressure tubes were
installed at the combustor outlet to measure the radial distribution of
mass flow across the combustor outlet, and appropriate corrections were
made to the thermocouple indications to allow for variations in mass
flow by each thermocouple. The combustion efficiencies computed from
these corrected values of outlet temperature were lower than those com-
puted from the temperatures based on the simple arithmetic mean of the .
thermocouple indications. The following table shows a comparison of
combustion efficiencies computed by these two methods for combusioxr 14I:

Test Average outlet temperature, °F Combustion efficiency
condi. -
tion |Uncorrected for Corrected for Uncorrected [Corrected
flow distribution|flow distributionifor flow for flow
distribution|distribution
C 902 875 85.7 81.9
C 1140 11.09 88.1 85.5
C__ 1340 1286 87.6 83.1 —
B 950 918 107.8 100.0

The combustion efficiencies reported hereln are values which have
not been corrected for mass-flow distribution except where otherwise
noted; these uncorrected combustion efficlencies cannot be considered
accurate, inasmuch as they may be too high by as much as 2.0 to 8 per-
cent at the various test conditions. The values are nevertheless sig-
nificant since they show the relative performance of various combustor
designs, particularly for designs investigated near the same time during
the program.

Combustion Efficiency

Effect of fuel injectors. - Values of combustion efficiency obtained
with the model 13 combustor and various fuel injectors at test condition C

CONFIDENTTAL
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are shown in figure 12. The curves of Ffigure 12 were taken from the
appendix, which presents more detalled efficiency data for these various
conbustors. Only the data of figure 12 need be considered in comparing
the performence of ‘these combustors. This comparison shows that the
highest combustion efficlencies were obtalned throughout most of the
fuel-air ratio range wlth combustor 13I. This combustor employed five
fuel injectors, each consisting of a simple sharp-edge orifice (table I).
The additlonal data of the appendix also show combustor 13I to be equal
to, or better than, the various other combustors at the other test con-
ditions investigated. Figure 13 shows & comparison of the combustion
efficiencies obteined with the model 13I combustor with the efficiencies
obtained with the model 13A combustor at test condition C. The data
presented for the model 13A combustor are the data obtained near the
conclusion of this investigation (fig. 10) rather than the data from
reference 1. The data of figure 13 are therefore comparable for the

two combustors, since they were investigated near the same time. The
model 13I combustor gave efficiencies 3 to 6 percent above the effi-
ciencles obtained with model 13A. This improvement in performance was
obtained by modifying ‘the fuel injectors so that they were better adapted
for handling vapor fuel.

The simple orifices of the model 13I combustor provide much less
spreading of the fuel than some of the other injectors investigated.
The higher efficiency of the model 131 combustor may indicate that too
much spreading of the fuel is not desirable.

Effect of air-entry holes. - Combustion efficiencies obtained with
the model 14I combustor are presented in figure 14. The curve for the
model 13I combustor is included for comparison. The model 14I combustor
gave combustion efficiencies approximately 5 percent above those of the
model 13I combustor throughout the range of fuel-air ratios at test
condition C. This improvement in performance is the result of revising
the liner air-entry holes for better operation with vapor fuel. Since
only two liner air-entry hole patterns were investigated (models 13 and
14}, the optimum air-entry hole pattern was not established.

A rough indication of wheéther further improvements in efficiency

" might be obtained by additional air-entry hole modifications was

obtained by operating the model 141 combustor with ailr injection in five
of the fuel injectors. During these tests, therefore, fuel and air
entered the combustor through alternate fuel injectors. The total flow
rate for the air injection was 0.042 pound per second. With air injec-
tion the model 14T combustor produced efficiencies approximetely S per-
cent above the values obtained in model 141 combustor with no air injec-
tion. This performance of the model 14I combustor with air injection
may be indicative of the performance which may be obtainable with
further changes in the liner air-entry holes.

CONFIDENTIAL
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Since the model 13A combustor was developed in reference 1 to give
high performance with liquid fuel, the liner wes near an optimum design
for ligquid fuel. The data obtained with the model 141 combustor there-
fore indicate that the liner air-entry hole arrangement should be quite
different for vapor fuel and for liguid fuel. With vapor fuel injection,
a greater portion of the total air should be entered through liner per-
forations near the upstream end of the combustor.

Summary of effect of several design variables. - The effects of
some of the more important design variables on combustion efficiency are
shown in the following table, which compares efficiencies at fixed
operating conditions of four different combustors:

Description of combustor |Model |Combustion efficlency at
test condition C; AT, 680° F
Combustor developed to 13A 542
glve high efficiency with
liquid fuel
Seme combustor using vapor ; 13A 76.52
fuel injected through 79.59
liquid-fuel injectors
Fuel injectors adapted | 13I 84.5° ]
for vapor fuel
Liner air-entry holes 141 89.5b
adapted for vapor fuel

"pata from reference 1.
These values are high by about 3.5 percent.

Effect of liner shape. - Combustion efficiencies obtained with the
model 15I combustor are presented in figure 15. The curve for the model
131 combustor is again included for comparison. The fuel injectors and
the liner air=entry hole patterns were identical for these two combus-

“tors. The only difference between these combustors was the shape of the

combustor liner. The model 151 combustor produced a much lower pressure
drop thraugh the combustor than did the model 13T combustor, as will be
subsequently discussed. Because of the design changes utilized to obtain
the lower pressure drop for the model 15I combustor, the air flow through
each of the air-entry holes in the upstream end of the combustor would be
expected to be less than the flow through these same holes in the model
131 combustor. It might be expected, therefore, that the primary zone

of the model 15I combustor would operate fuel-rich. The data of fig-

ure 15 indicate this to be the fact, since the combustion efficiencies
obtained with the model 15I combustor are very much lower than the effi-
ciencies obtained with the model 131 combustor, particularly at the

CONF IDENTIAL
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higher fuel-air ratios. The marked decrease in combustion efficiency
accompanying an increase in fuel-air ratio, which is noted for the model

. 151 combustor, is believed typical of combustors which have a primary
zone designed to operate fuel-rich.

e ; gl

From the foregoing considerations it would be expected that the ;
efficiency of the model 151 combustor can be improved by additional air :
in the primary zone. This was accomplished by air injection through
half the fuel nozzles. Two air injectlion rates were investigated, with
the higher injection rate producing the highest efficlencies (fig. 15).
With the higher rate of alr injection the combustion efficiencies
obtained with the model 151 combustor were only about 6 percent below
those obtained with the model 13I combustor at the single high value of
fuel-air ratioc investigated. These results indicate that substantial
improvements in combustion efficlency of the model 151 combustor may be
effected by changlng the design of the air-entry holes in the combustor
liner.

L£82
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N Correlation of combustion efficlency on model 141 combustor. - The

i , - combustion efficiencies of the model 14I combustor, which gave the
highest efficiencies of the various combustors investigated, are plotted

in figure 16 as a function of the combustion parameter V./pyTy (ref. 3).

A similar correlation curve for the model 13A combustor from reference 1

g is included for comparison. The tailed symbols in figure 16 indicate :
data corrected for flow distribution. The curve is drawn through the—— ——
corrected data points for the standard velocity conditions (test condi-

tions A and C). As previously mentioned, the data of reference 1 are

believed to be correct, so the curves for the two combustors are com-

parable. The correlation is presented for a single value of combustor

temperature rise, 680° F, which is the value of temperature rise required

for operation at 85 percent rated speed at altitudes above the tropo-

pause. This value of required temperature rise was obtained from engine

performance curves which were extrapolated to the higher altitude con-

ditions by assuming constant efficiencies of engine components other

than the combustor.

The comp&risdn in figure 16 shows that model 14I combustor pro-
duced combustion efficiencies as much as 9 percent above those obtained
with the model 13A combustor at severe operating conditions.

Estimated flight performance. - Figure 17 presents the estimated
combustion efficiency (corrected values) of the model 141 combustor at
various flight conditions in the reference turbojet engine; these
curves were obtained by using the data of figure 16. For each value of
combustion efficiency, the value of the combustion parameter was read

- from the curve of figure 16. The flight altitude and engine speed pro-
ducing each of these values of the combustion parameter were next deter-
mined from the engine performance curves for the referénce engine.

CONFIDENTIAL




PR

10 CONF IDENTIAL NACA RM E53B04

These flight altitudes and engine speeds were then plotted to give the vy
constant-efficiency lines of figure 17. i

The curves of figure 17 are limited to the range of englne speeds
from 80 to 100 percent rated speed. For this range of engine speeds the
required combustor temperature rise varied from 550° to 1180° F and the

- combustion efficiency varied less than 3 percent for this range of com-
bustor temperature rise. The use of figure 16, which was derived for a
single value (680° F) of temperature rise, is therefore valid for this
limited range of engine speed.

2837

The two data points in figure 17 at 85 percent rated speed rep- !
resent actual experimental data for the test conditions simulating
flight operation at the conditions indicated on the figure. The combus-
tion efficiencies listed beside each of these two data points match well
with the values expected from interpolation between the curves of fig- !
ure 17. The curves of figure 17 show that the model 14I combustor !
operated at efficiencies above 98 percent up to a simulated altitudc of i
61,000 feet at cruise (85 percent rated) engine speed. .

High air flow rates. - Figure 18 shows values of combustion effi- |
ciency obtained with the model 14I combustor at air flow rates typical Q
of current practice and 69 percent above current design practice. At ‘
these test conditions (P; = 15 in. Hg and Ty = 268° F, simulating
operation of the combustor in the reference engine at 56,000 feet and
85 percent rated speed), no detrimental effect on combustion efficiency
was noted over most of the range of fuel-air ratios as a result of
increasing the air flow rate.

The data of figure 18, showing no marked effect on combustion effi-
ciency due to an increase in air flow rate (velocity) of 69 percent, are
not in accord with the correlation of figure 16. For this increase in
velocity of 69 percent, figure 16 indicates that a decrease in combustion
efficiency of 5 percent should occur. Since this decrease did not occur,
the date point for test condition E in figure 16 falls about 5 percent
above the curve. This discrepancy indicates that the parameter Vr/PiTi

does not properly allow for the effect of velocity on this particular
combustor.

Combustor-Outlet Temperature Profiles

Figure 19 shows typical distributions of temperatures at the com-
bustor outlet for the model 14I and 151 combustors. The radial distri-
bution of temperatures with the model 14I combustor (fig. 19(a)) was
much less uniform than the values obtained in reference 1l; a curve for .
the model 13A combustor from reference 1 is included in figure 19(a) for
comparison. The model 141 combustor employed the same secondary zone
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alr-entry hole pattern as did the model 13A combustor, and reference 1
pointed out that the outlet temperature profile was determined primarily
by the arrangement of secondary air-entry holes in this combustor. The
difference in temperature profiles noted for these two combustors is
therefore believed to be caused primarily by the warping of the combus-
tor liner, which occurred gradually throughout the test program
reported herein.

The outlet temperature profiles obtained with model 14T combustor
vere not considered satisfactory, since they deviate markedly from the
desired temperature dlstribution indicated by the dashed line in fig-
ure 19(a). The temperature distribution obtained with the model 15I
combustor (fig. 19(b)) also deviates widely from the desired pattern
of temperatures; no attempl was made in the investigation reported
herein to remedy this temperature profile by combustor design changes.

Pressure Losses

The total-pressure drop through the combustors at test condition C
for a range of density ratios (corresponding to a range of fuel-air
ratios) is presented in figure 20. Since the measured pressure drop
through the .model 13 and model 14 combustors was the same as that
reported in reference 1 for the model 13 combustor, a single curve from
reference 1 is included in figure 20 to represent the pressure drop
through these combustors. Experimental data are shown for the model 15I
combustor. This combustor was designed for low pressure drop, and fig-
ure 20 shows that the pressure drop through the model 15I combustor was
only 60 percent of the value for models 13 and 1l4. The pressure loss
through the model 151 combustor compares favorably with the values
obtained in many of the current production model combustors.

The lower pressure drop of the model 1SI combustor was achieved by
designing the liner so that the walls did not diverge as in previous
models. This allowed a greater flow area for the air passing around the
liner and entering the liner through the large secondary air-entry holes.
It had been noted in appendix A of reference L that the high pressure
drop of the previous- combustor models was probably due to the flow
restriction imposed on the secondary air in the flow passages outside
the liner. The low pressure drop of the model 151 combustor serves to
confirm this hypothesis.

SUMMARY OF RESULTS

An investigation was conducted in an annular turbojet combustor to
improve combustion performance at low pressures and a high air flow rate.
The design of fuel injectors, liner air openings, and liner geometries
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was altered. The conbustion efficlencies quoted in this section of the
7 report have been corrected for mass flow distribution at the combustor

outlet. The values quoted for simulated flight performance refer to

operation of thé combustor in a typical 5.2 pressure ratio turbojet

; engine at a flight Mach number of 0.6. The following results were
| obtained: ' N

1. The combustor giving highest combustion efficiencies (model 14I)
produced efficiencies above 98 percent at altitudes up to 61,000 feet at
cruise (85 percent rated) engine speed. At conditions simulating cruise
at 56,000 feet, no marked effect on performance resulted from increasing
the air flow rate to a value 69 percent above current design practice.
However, this combustor produced an unsatisfactory radial distribution
of combustor-outlet temperatures, and the pressure loss was twice as

greet as the value encountered with many current production model
combustors.

2. The combustor designed to produce low pressure drop (mcdel 1SI)

ﬁ S - gave a combustor pressure loss only 60 percent as great as that obtained
with the model 14I combustor. However, the combustion efficiencies of

this combustor were considerably lower than those obtained with model 141I.

The data indicate that the model 15I combustor requires modification to

increase the amount of &ir entering the primary zone of the combustor in

order to improve combustlon efficiencles above the values reported herein.

3. A comparison of the combustion efficlencies obtained at operating
conditions simulating cruise at 80,000 feet with different combustors

shows improvements obtained as a result of changing various design fea-
tures as follows:

(a) Increase in combustion efficiency of approximately 22 per-
~ cent by changing from liquid to vapor fuel injection in
a combustor (model 13A) which had been developed for
liquid fuel

T I i

T

(b) Additional increase in efficiency of 5 percent by changing
the fuel inJectors so that they were better adapted for
handling vapor fuel (model 13I)

(c) Additional increase in efficiency of 5 percent by changing
the liner air-entry holes so that they were better adapted
for vapor fuel (model 14I)

ALY AT b S LS
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The over-all result of these modifications was to increase the combus-
tion efficlency from 54 percent to B8 percent at this test condition.

Lewls Flight Propulsion Laboratory .
National Advisory Committee for Aeronautics
Cleveland, Ohio
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AFPENDIX - COMBUSTION EFFICIENCIES OF COMBUSTOR MODELS 13 AND 14

WITH VARIOUS FUEL INJECTORS -

The combustion efficiencies cbtained with the model 13 and model 14
combustors with various fuel injectors are presented in figures 21 and
" 22, respectively. The curves from figure 21 for test condition C were
compared in figure 12 where model 131 was shown to provide the highest

efficiencies over most of the fuel-air ratlo range. Comparing the effi-
ciencies of these combustors at other test conditions leads to the same
conclusion; namely, combustor model 13T is equal to or better than the

various other combustors of figure 21.

2837

It was shown with combustor model 13 (figs. 21(e) and 21(f)) that

combustion efficiency increased as the fuel injector orifice diameter

was increased for the three orifice sizes investigated. It therefore

appeared possible that a further increase in fuel orifice size might

result in further gains in efficiency. This possibility was investi- .
. gated by using larger orifices in the model 14 combustor (model 14K).
S The results are shown in figure 22, where the efficlencles of the

model 14K combustor are compared with those of model 14I. The com~ -

parison indicates that & further increase in fuel orifice size was not

beneficial.
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M TABLE I. - SUMMARY OF CONFIGURATIONS INVESTIOATED

) Modifi- CombuahorYNumber Dencripblon of injectors | Injector
/ cation | medel of fuel detall

injectors reference
to fig. 9

Lg82

154 10 30 pal/hr, £0° swirl- 9(a)
type preasure atomizers;
identical to model 13
3 (Z:)._ combustor reported in

-~ ref, 1

e e e

[

of a 0.01-in., wide slot
deaigned to produce a
fan-ghoped Jet of vapor
fuel. Injectors were
oriented so that vapor
fans were in planes
panging radially threough
center of combustor.

13B ] 10 ' Each injector conoisted 'é(ﬁf"
|
!
|

130 10 Tingector simtlar in 9(e)

\ dealpgn to theoae of
moded 13B except slot |
widith wan inereased ;
. and shape of slot
was changoed.
3

)
i
| |
! |
I
10 ! ’
i |
|
4

H

e e e e -
(¥

Fan injectors identical
to those used in model
13C and extended fan }

13D

injeators that injected
/1 fuel at a point approxi-
1

2

in. dewnstream

rately 1

et o
1
]

.
i

-

3

13E ; 5 " {ran injectora ldentical
| . to those used in molel

; D ; 13¢

o

P ——

138 5 Injectors were used g(e)
with two slots oriented
! to produce a fan-shaped
b ) Jet of vapor in planea

= at right angles to maln
axis of combustor.

-
-,

e

i

i

|

1
7 * 135G ) Injectors similar to 3(f)

those used in model
| o) 13F, except fuel injec-
\ tion slots were located

closer to upstream end
of combustor.

i
4

fes

7
5

. ek

&

L

Y

CONFIDENTIAL




R

16 CONFIDENTIAL NACA RM ES3B0O4

¢
TABLE I. - SUMMARY OF CONFIGURATIONS INVESTIGATED ~ Concluded £

Nodl?.ta—‘ domﬁﬁ{x.ut_;oﬂbﬁ;m—ﬁex; o Descriprtzil.on of injectors | Injector

cation | model of fuel detall
injectors reference
to fig. § g
8 13H s T T T T T T injectors consinsted of 9(g) ~

4 simple sharp-edge
orifice 5/64 in. in
diameter.

|

z
] 4 13X . 5 Injectors consisted of 3(g)
' & simple sharp-edge
‘ orifice 7/64 in. in
' diameter. l

|

|
'_—10 ' 133 l 5 Injectors similar to
' those used in model
. ; 131, except swirl
generators were added

|

i

- W in the injectors to !
s give injector similar ‘
L /J to standard swirl- !

1

]

é

|

type liquid atomizer.

s(g)

11 141 f 5 o . ’ ?nject;om identical to
1 thoze used in model 131

()

|
|
I

1271 1k 5 ) Injectors consisted of 9(g)
a simple sharp-edge
orifice 1/8 in. 4in

diameter.

e

13 ] lsfwbjr“ - Injectors identical to 9(g)
those used in model 131
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TABLE II. - EXPERIRENTAL RESULTS

~ Runi Combun tor-j Combuator-jALr flow] Atr riow [Combustor] Pual | Puel- |Wean Nean Combus~-|} Total- |Combus«~]
dnleb inlet rate, rate per (reference flow | air combus~| temper-| tion pres~ |tion
3 total total LS unit area,jveloocity,] rate,{ ratic, | tor- ature |effi- leure param-
N prensure, | tempers- 1b/sen Wo/Ap r Wy £ outlet {rise clenoy, |drop oter,
Py ture, ; ft/sec | 1b temper-| through| m throughi V,/pyT
- 1b/{aec) /hr 1Ty
in. Hg Ty {(sa £t) sture, |combus~| nerpent|oombus=|{ey 1p,
n g: ‘°"fr “°B sec, N
5'l in. Mg units
Model 138
541 5.0 128 0.513 0,703 19.4 17,9 10.009¢ 1261 553 73.8 10.46 298x105
542 722 -511 700 78.8 19.5 | 0106 1390 588 82,1 | .47 237
543 K +811 +700 78.% 22.5 | .0l22 1475 753 80.8 48 297
SNI 728 <511 + 700 79.1 27.4 0149 1538 810 72.3 A3 297
Nodel 13C
5450 8.0 708 0.83¢ 1.242 80,7 | cmuwm fammmmm | mame — R 189x106
. S48 5.0 27 519 L7 80.4 e |erace— —— — ——- ),
547 5.0 72l 521 X4 19.9 16.1 10,0086 12720 549 82.0 10.44 302
5§48 726 52 T4 80.5 18.7 .0100 1349 828 80.8 46 302
549 728 522 +715 80.9 22.9 Q1p2 1528 195 86.1 W51 303
L 550 T 528 J723 8.4 21.3 | 012 1431 107 82.4 .
5§51 724 .521 AT §0.2 27.9 | .0ld48 1680 956 86.3 .52 302
¥ - 552 123 521 714 a0.8 34.3 .0183 1850 22 83.8 W& 302
5 192 52 T34 80.0 41.8 | 0221 1934 iz 76.1 .55 302
8.2 2% +833 1,142 80,4 22,9 | Q076 1310 584 98.4 .67 189
) - 555 703 .836 1.146 80.3 8.4 0094 1432 709 9.1 .12 189
d 556 04 829 1.136 79.8 3.3 | .onxs 1548 824 4.5 .75 188
. - §57 8.05 727 .838 1.148 80.6 41.6 | 0137 1659 932 %0.4 .78 187
558 8.0 723 .832 1.140 80.0 47.7 | 0159 1789 10486 88.8 .19 188
559 726 834 1,143 80.5 58.6 0195 19586 1240 87.9 .84 1838
Rodel 13D
560 5.0 126 0.523 0.716 80.9 11.5 {0.0032 1274 548 76.1 10.45 304x108)
561 126 528 717 81.0 20.8 | 0110 1387 661 78,0 48 304
562 703 } «H21° <734 81.0 5.1 L0133 1627 798 79.1 .49 303
563 721 ) +922 + 715 80.9 27.9 | .0148 1644 917 82,7 .51 303
564 128 520 2713 80.7 30.8 | .0184 1166 1028 84.7 5 302
565 prl T 715 81.1 34.2 | 0182 1859 1130 85.0 .53 303
586 727 S22 +114 80.8 38.1 | .0203 1947 1220 83.2 | .54 303
587 8.1 726 838 1.349 3.3 22,7 | L0078 1261 535 91.1 .66 185
* 568 8,0 778 «B37 1.148 F 1.0 21.9 | 0032 1417 689 95.8 10 190
569 128 .852 1.141  ; 80.6 35.5 | .0118 1565 837 93.5 <13 189
570 128 B33 1.142 1 8.7 42.8 | 0142 1705 977 92.4 .76 189
571 728 831 1.140 60.85 50.5 0168 1834 1106 89.3 .19 pY.1)
572 725 .830 1.138 8.1 60.5 | 0202 1992 1267 87.0 .82 188
57131 .9 727 2.612 3.578 143.9 .2 | 0075 1233 3 96.0 jeeun 170
$74] 15.0 726 2.6 3.601 145.7 82.8 | .0087 1392 666 9B.T jumm= 169
575] 15.08 e 2.641 3.618 14401 g98.8 +0099 1487 160 99.8 jeune 169
e _ 576! 15.0 726 2,647 3.608 144.8 J114.3 | .0119 15630 904 100.2 jewn= 170
&mn 04 2.850 3.630 144.5 |145.9 0152 1788 1084 94.2 |uun= 11
578| 15.15 k4l 2.627 3.53% 142.1 {163.2 ( .0x72 1907 1180 93.7 jem-- 166
573 15.2 728 l 2.630 3.603 14,9 j171.8 | .0181 1958 1230 935.4 jreem 165
Model 13K
580] 15.0 725 2.631 3,604 ~-mwe | 64.8 '0.0068 | 1230 505 94,3 J--e=  ]163x105|
581 4 2.835 3.610 n——— . 0080 1340 616 $8.1 |wr-w 170
g82 726 2.623 3.693 - 85.3 | .0090 1430 704 10144 jemee 189
| §83% 726 2.636 3.611 ———— 97.9 .0103 1500 174 §8.3 jeww- 170
684 128 2.622 3.592 wmewa  |122.2 | 0120 1655 227 95.5 Jumn= 168
85 130 2.639 3.815 mwmew  |151.2 | L0159 1800 70 §1.2 lownm 170
586 131 2.626 3.5697 emeem  [1175.9 .0186 1925 1194 88,4 jecun 169
587 5.0 718 522 . 715 ————— 2.4 0114 1400 682 78,3 jee-- 303
£88 723 .501 +714 ———— 25.1 } L0133 1525 196 78.9 |ceo= 303
£83 733 .522 .115 ———— 9.3 0185 1650 917 19.2 |euu- 303
18630 133 521 .74 ————— 33.1 | 0176 1780 1047 80.8 jw-m- 303
1531 727 L5189 L ———— 37.6 | 0201 1900 1173 80.5 j---e hio}
1692 730 521 <714 ——— 41.7 | 0222 1850 1120 63.9 jo=-- 303
| 593 8.0 731 .85 1.13 ———— 19.9 Q066 1170 439 83.9 |-==- 188
534 728 .B32 1,141 | =emee 25.6 | .0085 1305 577 87.2 jm=e== 189
£95. %2 I 832 1.141 ———— 29.5 | .0098 1400 €68 88,4 {oa-- 189
596 | 731 | .830 1.138 ———— 33,4 0111 1490 759 89,3 jem=- 188
597 129 ] .858 1.149 ————— 41.4 0137 1645 916 89.3 jeem= 190
598 728 .032 14241 m—— 49.2 | 0164 1795 1067 88,3 jum-- 189
- - 599 72 ¢ 809 1.137 ———— 57.0 | 0191 1945 1216 87.9 {e=e= 188
{ '600 783 | .83 1.139 ———— 64,7 | Q218 2075 1346 87.2 feme- 188
l -
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TABLE II. - EXPERIMENTAL RESULTS - Gontinued
Run [Combustor-{Combuntor-| ALy flow | Alr fiow |Combustor| Puel | Puel- [Mean Nean Combus~ |Total~ | Combus=
inlet inlet rate, rats per  {reference| flow | afr combus- | tempar-]tion pres- |tion
total total LY unlt area,lvelocity, | rata, | ratlo, ltor- ature jeffi- |sure j2 by U
E pressure, |tempera- 1b/sec Ap Vr e £ mtlat |rise clency, ldrop wter,
Py ture, w/(aee) | rezane | 1 tempar- through| Ny |throught Vr/pims
in. Hg Ty {aq rt) ature, joombus-i.ergant | e, 1b,
on To tor, tor, ses,
og AT AP units
Op in. He
Nodel 13P
801 5.0 724 0.521 Q.713 80.4 17.4 £.0033 1308 S84
502 130 518 J109 80.6 21.7 L0126 1454 T24
603 728 521 ) 80.8 25.0 | 0233 1538 a10
604 724 520 N2 80.2 28.8 L0154 623 897
605 24 520 L2 80,2 33.1 0178 1528 574
606 728 .518 « 708 73.8 1.7 0223 1603 880
807 8.0 728 W84S 1.158 a1.8 20,9 0068 1258 510
508 730 843 1.1585 81.9 27.0 0892 1375 E43
609 8.05 726 .843 1.185 81.0 31.0 0102 1456 150
610 8.0 789 841 1.15% 81.6 35,1 | 0115 1548 749
511 24 842 1.184 8.2 43.) 0342 1608 g4
612 728 JB40 1,188 81,4 §1.5 0170 17688 ACEQ
513 724 ~838 1.150 80.8 59.9 .0138 1893 1189
814 728 837 LT - T5.2 | 0242 1954 1266
8§18 15.0 126 2.640 3.816 144.5 65,4 0068 1308 482
816 15.05 35 2.632 %.605 145.5 81.0 0858 1440 0%
817¢ 15.0 76 2.643 3.821 144.6 106.6 2211 1508 802
618 T8 2.837 %.612 1446 128.7 0135 1638 911
619 727 2,630 3.603 144.3 165.4 D172 1684 Y68
620 728 2.648 3.627 148.85 189.7 0183 1848 920
Mode) 130
21 5.0 1 0.52% 0.716 81.4 18.5 :0.0088 1260 529
622 728 527 721 8.7 M2 0127 14)& £87
623 24 526 JT20 81.1 34.0 0179 1395 671
824 726 525 <718 80.9 38.6 0205 1448 713
625 124 528 <116 80.8 46.7 08 1495 171
nodal 13H
526 5.0 731 0.525 0.719 81.7 18.0 X.0035 1313 582
&27 sl .528 LI 81.6 a.s L0113 1417 632
628 128 S22 718 80.9 25.5 0136 1547 419
[ 709 S22 + 715 81.0 28.1 0149 1612 o83
630 728 522 118 83.9 3a.1 0171 1750 1022
631 725 523 1B 80.8 37.9 L0201 1302 1177
632 23 .521 <13 80.2 53.7 L0286 M4 1321
633 15.0 T8 2.644 3.622 144.2 75.2 G076 1315 531
&34 124 2.5358 3.614 143.8 ga.2 .C086 1387 663
635 152 2.622 3.592 144.6 91.0 L0036 1465 733
636 734 2.647 3.626 146.4 108.8 L0114 1560 846
637 733 2,649 3.629 146.4 126.4 0132 1700 967
638 730 2,637 3.612 145.1 134.4 0141 1748 1018
633 132 2.648 3.687 146.2 143,48 L0156 1830 1938
840 730 2.644 | 3.622 145, 155.5 0163 1872 1id2
641 8.0 123 852 1.140 22.4 0074 1050 s
642 - 728 U3 1.142 80.8 2.2 L0087 141 684
643 733 .838 1.148 81.7 34.4 L0114 1505 12
644 123 .835 1.144 81.0 44.9 0143 1710 981
645 7.95 726 .829 1.136 80.6 £0.0 0167 1810 1084
546 8.0 730 835 1.144 81.1 55.8 L0184 1908 1175
547 32 .833 1.140 L 81, 61.1 0203 1998 1266
Model 131
648 5.0 734 0.502 0.718 81.6 14.6 '0.0077 1280 546
649 724 522 .715 80.6 18.0 e o1 137% 651
650 730 520 . 113 80.9 23.9 0127 1545 815
651 723 522 <715 a1l 27.5 L0146 1658 926
652 724 517 . 708 3.8 31.2 Q167 1765 1041
653 127 .520 113 80.6 36.2 L0193 14818 1188
654 132 S3 714 B81.3 43.9 0233 2070 1334
655 8.0 732 <827 1.133 80.5 22.1 Q074 1088 553
656 724 827 1.133 78.6 26.9 0090 1415 631
657 725 .828 1.13% 79.9 32.6 01069 1510 185
658 727 .830 1.137 80.2 39.3 0131 1640 913
659 732 .830 1.137 80.8 49.6 0166 1843 1111
660 726 831 1.138 80,2 54.0 0180 1930 1204
661 732 .827 L1338 80.5 63.5 0213 2100 1368
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»
TABLE XI. « RXPERIMENTAL REKSULTS - Continued
Run [Combustor- [Combuatior-} Alr flow| Alr flow [Combustor| Puel | Puel- |[Wean Rean [Combus- {Total- |Comtmis-
inlet inlet rate, rate per |reference] fiow | air combus-| temper- [tion pres- jtion
total total " unit ares,] veloodty, | rate, | ratle, |[tor- ature leffi- jsure paras-
pressure, |Lempera- 1b/ssc Vo/Ap Vo vy t outlet irine clency, jdrop ater,
Py re, 1b/(aag) | fr/aec | 1pme temper-| through| Ny  |through|Vy/pyTy
in. Mg k7% (sq rt) ature, |combus- lpercent combus ~ re, 1b,
[\ L Tg  |tor, tor, neo,
® o | ar ar |Tind
Op in. Hg
\l e
- Model 137
> 662 5.0 T8 0.520 0.113 80.7 15.2 (0.0081 1290 562 68.9 Jjewaa e ———
663 728 SN0 713 80.4 20.2 | 0108 1430 708 84.7 |owen e
664 129 50 iy ph) ac.a 2.6 | L0151 1550 &21 82.9 j-=-e ———————
£65 732 580 133 8l.2 28.3 L0181 1680 o8 82,5 jewe~ e
668 732 529 LT1Y 80.9 32,1 0172 1780 lo28 81,2 jewm- e
667 78 519 P 80.4 8.7 0207 1925 1198 80,3 |wmee —————
868 T 519 .1 [ 48.4 0259 2110 1384 16.0 j==e~ ———
§89) 15.0 72 .03 3,804 143.4 51.0 { .0053 1146 462 108.8 {-we- ———————
870 120 2.838 3.814 143.1 §4.2 | 0067 1290 570 108, ek -
871 121 2.638 3.814 144,68 81.8 | 0085 1415 &88 104.0 |wwmw -——
672 k3 2,638 3.614 144, 104.2 § 0109 1560 83y 100,2 je-=- —————
573 722 2.804 3.595 142.8 . 0128 ino 988 102,86 |~--- ——————
674 725 2,838 3.614 44,2 146.3 J0154 1838 1110 97,86 j~—mm ———
675| 15.2 T 2.6357 3.8)2 142.3 19,0 | 0178 1380 1254 97,1} faemm —————
Model 13 e g . —
876} 15.0 e 2.629 3.80) 14%.0 [ 5376 0.006S 1190 488 94.6 jumen
€77 721 2.644 3.622 146.1 83.Q0 | .0087 1408 678 101.0 frwee
818 708 2.640 3.618 145.0 93.5 | ,0088 1480 152 100.0 jewow
- 879 7728 2,641 3.618 145.0 108.6 0114 1598 862 99.9 Jewua
680 T2 2.825 3.598 143.2 173.9 L0138 1708 981 100.2 {oeam
681 125 2,633 3.607 148,59 137.0 }..0244 17180 1085 98.5 jueoe
_ &82 725 2.640 3.818 144.3 152.3 0160 1830 1165 99.2 |rwa-
683 15.2 786 2.617 3.585 140.8 181.8 0193 2060 13 96.1 Jewum
N 6841 1S.4 w6 2.623 3.593 138.8 210.7 | 0223 2170 1444 91.3 feene
6851 15.0 T4 2.638 3.610 143.7 61,3 | .0064 1250 526 104.0 Jeeem
685 7351 1.558 2.134 80.8 30.2 | 0088 1168 434 102, Jewom
687 733 1.567 2147 81.3 37.9 L0067 1270 537 102.3 leeum
688 33 1.564 2.142 8.2 81.31 0080 1442 709 101.8 lawne
€83 33 1.56% 2.244 8).2 53.4 0108 1550 817 3102.1 jecum
690 31 1.582 2.240 80.8 67.3 0119 1670 g1 102,01 {-=nw
691 133 1.56% 2.141 81.) 82.9 0147 1832 1039 10,0 feen=
832 33 1.860 2.137 80.9 30.0 0180 1820 1187 101,22 |-ene
633 128 1.558 2.134 80.3 124.0 | 022 2225 1497 95.7 ===~
Model 135
694 8.0 733 0.632 1.141 8.2 21.7 10.0072 1260 527
895 133 829 1.137 80.8 3.1 L0097 1410 817
696 133 .830 1.138 8l1.0 36.7 | Qe 1665 832
637 127 829 1.137 80.2 2.4 0142 16%0 963
£98 730 830 1,138 80.8 48.1 0161 1600 1070
899 kgl .831 1.140 80.6 55.6 .0185 1930 1202
100 128 .830 1.137 82,3 135.6 | Q248 2195 1467
Rodel 151
701 5.0 732 0.5023 9.17 81.7 e faww o ——— —
702 8.0 735 832 JA40 a1.3 anman fem——— - -——
- 703] 5.0 724 520 115 80.6 16.2 ;0.0086 } 1270 546
704 126 .52l <113 80.6 24.0 | 0128 1429 [3:23
708 123 500 6] 80.0° 35.7 | 0190 1345 824
%708 723 520 L1138 80.2 19.3 | 0103 | 1320 597
07 728 520 N3 80.7 23.9 | 0108 1450 o2
%708 729 521 4 81.0 26,9 | .0154 | 1570 8Q1
8708 126 H22 N5 __80.7 36.) 0192 1645 19
4710 728 .520 N3 80.7 45.2 | 0241 | 1900 | 1172
Model 13J
711 5.0 722 0,522 0.71S 80.4 14.8 I().()O'IB la4s 523 86,1 e-=-
712 132 522 .18 8l1.5 21.5 01 4 1435 703 80.7 jm=~=-
713 728 523 J116 81.1 26.2 | 0133 1550 822 81.6 j---—-
714 132 523 716 81.5 8.5 .0151 1655 923 81.8 |~e=w
715 728 522 J116 81.0 32.0 .0170 1755 1027 81.9 jae=e
716 T4 £02 215 80.6 39.5 0210 1930 1206 3.7 [mwm-
737 728 522 .15 81.0 39.4 <0208 1960 lase 89.3 [~-=-
718 728 S22 NS 81.0 61.9 L0329 2105 1377 60.6 jewe-
2719 788 622 15 81.0 61l.9 0323 2200 1492 N5 Jee=- ——————
120 728 522 S 81.0 16.7 0089 1320 592 85.0 jewea ———————
721 122 522 115 80,4 16.7 .0089 .| 1318 593 88.3 je=m-- mu—enan
Model 13A ]
722 5.0 730 0,520 0.712 80.8 17.3 |0.0092 1295 565 18,7 [0.49 521,‘108‘!
- 72% 30 .619 711 80.7 21.0 0112 1420 690 80.2 | .51 3N
724 183 513 11 80.6 26.5 0142 1580 851 19.9 .52 321
725 728 518 109 80,3 20.8 015¢ 1655 927 80.8 - 30
726 725 521 714 80.3 32.3 0172 1760 1037 8l1.7 .58 322
121 126 521 134 80. 38.8 0208 1925 1199 80, .55 322

SPlus addition primary air,
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TABLX II. - RXPEAINENTAL RESULTS - Conoluded W
fun |Combustor=|Combustor~{ ALr Llow{Alr flow |Combustor| Puel | Puel~ |Mean Mean Combus~|Total |Combus
inlet inlet Tate, rate per [reference| flow | air combus~| temper=-jtion pres- |tion
total total | Wa. _ lunit area,|velooity, | rate, | ratio, [tor- ature jeffi- [sure P
pressure, |temper- lb/no Wo/ Ay Vr Wy 4 outlet [rise clency, [drop eter,
Py ature, 1v/{se0) | ft/aec 1b/he temper-| through! My through| Vr/piT:
in. Hg T (sq re) ature, |oombus-|nenoengjocmbus-ire, 1b,
- Y To tor, . tor, sac,
R AT AP units
op in. Hg
Model 13A ~ Concluded
728 5.0 728 0.520 0,712 80.7 18.8 K0.0100 1340 612 79.0 10.50 321%10
729 728 520 332 80.7 1.4 | 0024 1438 707 80.9 | .51 32
730 7% »521 L7138 80.9 25.6 | .0138 1560 631 80.8 | .53 322
131 725 .519 2711 80.2 8.6 | .01S3 1655 930 81.5 =% 321
32 726 <519 71 80.3 35.0 | .0187 1830 N4 80.7 | .88 321
133 126 519 712 80.3 46.7 0250 1910 ———— ol tatd
734 8.0 121 -830 1.137 80,2 22.4 | L0075 1280 563 96.2 | .70
138 729 826 1.135 80.3 27.7 | 0082 1385 656 91.7 1 .73
136 727 .827 1.133 19.9 37.2 | 0128 1580 853 90.4 | .77
137 724 .28 1.135 19.7 42.8 | 0143 1705 981 81.7 { .78
738 725 828 1.135 9.8 48.6 | ,0163 1810 1085 90.4 | .81
139 728 808 1.13% 79.8 §0.1 | .0201 2018 1230 88.9 | .82
T40f 31.6 726 2,143 2,936 1.4 53.7 | 0069 1310 584 107.6 j-mm-
7411 31.8 0 2.053 2.812 48.8 68.2 | .0082 1485 765 108.1 |~==-
42 31.8 9 2.023 2.771 47.7 102.2 | .0140 1835 1116 107.5 jem-w
43} 45.7 718 2.8 3.719 4.4 §6.0 | .0067 1300 582 110.4 jom--
T44] 46,0 728 2.627 3,599 43.2 101.5 | 0107 1640 912 1125 femm=
7457 48.7 32 2.820 3.589 42.7 114.7 | 0121 1770 1038 12404 |omme
746] 46.8 732 2.624 3.698 42.7 112.9 | .0119 1730 998 111.6 |-==-
Mode) 14X
747 5.0 728 0.522 0.715 8l1.0 18.5 ©.0087 1325 537 88.1 [-~--
748 129 .518 708 80.4 19.2 | .0103 1400 871 Bd.7 Jomen
749 730 517 +708 80.4 2L.3 | .0113 1510 780 91.0 |~m-w
750 76 514 705 9.6 25.1 | 0135 1630 904 89.0 [~=ee
15 126 518 .109 80.1 28.3 | .0182 1730 1004 83.1 [e-==
752 723 522 fyat 80.4 32.2 § .0071 1840 b3y 88.9 [em—=
753 730 821 <713 81.0 34.8 [ 0185 1918 1185 87.8 {=r=-
154 T29 S22 715 8L.1 2.7 | .0280 2130 1401 1.6 [em=e
2155 724 .519 711 80.1 17.5 | .0093 1320 3: 1 93,7 fem=-
alse 127 519 1L 80.4 20.2 | .0108 1440 3 96.4 [e-m-
37 728 520 114 80.9 3.7 | 0126 1540 812 92.3 jeae-
.15! 726 519 721 80.3 7.7 | .0Md48 1689 959 96.2 feme-
759 129 .520 JJ12 80.7 34.1 | .0182 1880 081 $4.0 |----
Node). 24K
760 $.0 724 0.520 0.713 80.3 16.6 10.0088 1335 611 83.3 fem--
761 732 .5l9 S711 81.0 20.8 | .0111 1450 118 84.5 [e-m-
762 724 521 714 80.4 28,0 | (0149 1675 951 85.5 |omw-
763 124 517 703 19.8 38.0 | .0204 1915 1191 80.7 [eaw-
Nodel 141
7641 15.0 720 2.650 3.630 143.8 58.0 1.0080 1160 440 81.8 j----
765 720 2.652 3.633 243.9 72.1 | .C075 1320 £00 102.2 |=~=-
766 72 2.658 3.641 143 86.2 | .Q0%0 1440 720 104.0 fem--
761 725 2.62% 3.596 143.3 98.7 { .0104 1570 845 106.6 Jem=-
768 725 2.851 3,631 145.0 98.9 | .0103 1560 835 106.0 |(--=-
769 728 2.651 3,831 145.0 115.6 | 0122 1695 970 106.8 lowe-
770 728 2.851 3,631 145.0 128.9 | .013% 1780 1055 108.1 |ew=e
771 726 2.63) 3.604 143.8 145.8 | .0 1905 1173 104.5 om=-
772 725 | 2.638 3.614¢ 144.0 163.6 | .0172 2035 1310 105.0 wee=
a7 719 2.650 3.630 143.6 4.2 | L0087 1235 516 97.8 joem-
2174 725 2.644 3.622 144.5 78.3 | 0082 1390 665 104.6 [~~--
;775 725 2.652 3.633 144.9 108.0 | .0113 1630 908 106.) jemwm
b776 5.0 728 .523 2118 81.2 18.7 | .0098 1350 821 80.9 jesw-
b”’ 731 522 715 8l.4 2.6 | 0131 1590 853 87.2 (we==
778 731 817 .708 80.6 31.0 | .0166 1 1063 87.4 [wm--
b779] 15.0 726 2.641 3.618 144.5 78.1 | .0082 1370 644 1014 leeme
780 8.0 728 830 1.137 80.3 19.8 0066 1180 452 86.8 |o-=-
781 731 .826 1.132 80.2 24.7 | 0083 13285 534 92.3 j~e=-
782 724 832 1.140 80.1 27.9 | .0093 1400 876 4.4 S
783 730 .832 1.141 80.8 34.0 | .0113 1550 820 95.4 |---m
784 724 -831 1.139 80.0 41.3 | .0138 1708 981 95.3 (eem-
785 724 +833 1.142 80.2 51.6 | .0172 1920 1196 95.3 fmem-
786 730 +831 1.13¢9 80.7 §3.4 | .0222 2120 1330 92.0 |--m-
787] 15.0 726 1.562 2,140 80.3 37.2 | .0066 1280 554 107.0 {-~--
7088 723 1.550 2.123 80.0 48.1 | .0086 1440 7 107.3 jemme
789 728 1,556 2,132 79.8 -{ 56.§ | .0100 1550 825 107.5 [-w==
790 724 1.550 2,123 19.4 64.0 | 0114 1645 s 106.5 l---e
791 728 1.555 2.130 80.1 6.7 | .0137 1805 1077 108.0 j---n
792 728 1.551 2,125 79.9 83.0 | .Q159 1950 1222 104.9 jeee-
793 730 1,550 2,123 80.1 104.5 | .0187 2105 1378 102.2 {ew==

®plus additional primary air.
Poutlet pressure rakes installed.
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22 CONFIDENTTAL NACA RM ES53B04

® Thermocouple

O Total-pressure rake
LStatic-pressure orifice
a Stream-static probe

(a) Inlet thermocouple (iron constantan),inlet total-pressure rakes ,
and stream static probe in plane at section 1.

CD. 2845

(b) Outlet thermocouples (chromel-alumel) in plane at station 2.

Figure 2. - Locations of instrumentation.
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e L | ! 1" (Except as SN

L3 noted, com-

D 0] © o —o- a bustion air p O O O O

entry pat-

' o o - tern identi- -
o o o cal to model | 0 g__0--9O

=1 5

2837

Radiation shield co.%gq

Flgure 6. - One-quarter sector of model 14 annular combustor showing -
alr entry and radiation shleld modification.
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(S TTTLSLLL LS LISSS LSSV S

Se -
ction B-B - 2093

Figure 8. - Dual fuel manifold for one-quarter sector cambustor.
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(a) Standard inJector. (b) Axial fan injector,

(¢) Enlarged axial fan injector.

(d) Extendsd axial fan injector.

(f) Shorter radial fan injector. — e

(e) Badial fan injector.

C0-2992
(b) Sharp-edge orifice injector with swirl.

(g) Sharp-edge orifice injector.

Figure 9. - Cross-sectional view of fuel injectors.
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N
‘8
V=T
2000 I
; A
'
5\ 18 //
© JZaman\
. & 1600 s <
s g -t AN
. < =T \
g - -1 \
§ /
£ 1400 / - A

/ Test Data \
/ condition obtained \
/ 7 o At beginning® |\ .
a B Near end
/ 4 / \
1200 A At beginning® Y
/ c
/ A Near end \
- = y 8pata from investigation
/ reported in ref. 1.
1000k T | L 1 1 1
Hub 1 2 K/ 4 Tip

Distance along turbine blade, in.

Figure 11. - Reproducibility of combustor-outlet temperature profile
with combustor 13A. Comparison of data recorded at beginning and
near conclusion of investigation reported herein. Fuel injectors:
30-gallon-per-hour, 70° swirl-type atomizers.
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i =
'R —- 90,000
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. s ||
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| 80,000 -
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| g 70,000 gsaﬁ:
| B - 9 ||
a S o / /
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! < //

| - 60,000 =
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' 50,000 aUgcorrqcted value .

7 80 90 100 1310

Percent rated speed

Pigure 17. - Estimated altitude f{light performaame of model 14T
combustor in 5.2 pressure ratio engine st fli_git Mach number 0.85.

Efficlencies corrected for mass-flow dastribumtlom except for
single value noted.
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. o
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Fuel-alr ratio

Figure 18. - Combustion efficliency of nodel l4M comustor at two air
flow rates.
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/

k"'\\ N (

| s

i o — 1600f—— /”/‘_,/A//Z — \\\\\ 7
h

B - 4 Y
Y
co B Leoo / /7 -
® /
s ) vy / \
§ Z, \
1200 f / .
! Model Test \
/ condition \
,‘ - A 141 c
-/ v 14T E (
A 13 C (&ata from
1000 P - ref. 1)
— — ~Desired temperature
profile
800
Hub 1 2 3 4 Tip

Distance along turbine blade, in.
(a) Models 14I and 134,

Figure 19. - Combustor-outlet radial temperature profiles.

CONFIDENTIAL




37

+gaT3goxd amjesadwal TETPel 3ITINO-IOISNAWOD

*IST T3PoK (Q)

‘uy ‘eperq IUTQI3 BuoTe IJUBIETQ

t

*papnTouo) = ‘6T IIMITL

CONFIDENTIAL

CONFIDENT IAL

NACA RM ES3BO4




3
) A % A
R i
&
3
o0}
)
=2}
< *0 WOTITPUCD 3893 3¥ §3es07 amesaxd J03emquo) - °*0Z mBTd
(&7
= 0139 £379Usp 3ITINO 03 JITUI
o's 8'2 9°'3 ¥'e 2°2 0°2 8T 9°T LAY 2°'T 0°T
ot
=
| — for
” \\’\\\
| L _4 Pl
i 1 P o
- - I\g
m - - 1 & nn.w, m
-
g = [
. o e or §|s
_ - | HH
- -]
- &ls
-1 . H
- (T 391 moIg
=" . 9AMD) $T PU® CT — — —
== ) 'IST |-@ 0s
TOD
09
% ™ | @®
i L2} '
Y i i
pF
\.- S -
il




e B

39

CONFIDENTIAL

NACA RM ES53B04

"930309( Ut TIJ SNOTIVA QITA JOIMAMOD CT TIPom JO AJUBTITIJe UOTINGMO) - T2 InBTd

"OST puv GCT wTepoN (v)

07391 Ijw-Tang

ua01ad ‘AousTOTIIN UOTIIMEOD

CONFIDENRTIAL

»20° 220" 020° 810" 910° y10* 210° 010" wo%.
L
r/ 4
I/ 4 08
// .\\\\.
S v
JU/.' o6
) 28T v T
- ¢ [+.°99 o Lf/
- 0 144 a —0
/
°OT33Puod Topom 0
3L  JO3sMQEOD
00T
! |
LE82
TR e D e e e




NACA RM ES3B0O4

CONF IDENTIAL

40

*820393( U TINF SMOTIVA ATA IOIINQEOD GT TIPOW JO LOUITITIFA UOTRIMQMOD

‘panutzuod - ‘T2 dMBTL

quaszad ‘ASUITOTII UOTIIIQWLD

‘ST TIPoM (Q)
o738 Jyv-TMd
220" 020" 810° g10° ¥10° 210° 010° 800" wo%h
]
|
B \\
\\ (¢}
T L \
o]
~1 o
—
O —] \
T /b:/ Z
// o T
— 2 4 [ ‘1\ oot
b} v :
4 o] !
— UOT3FPuUcD
393%
| |
i
|
! i
! +
ap—

-

CONFIDENTIAL

P




41

CONFIDENTIAL

NACA RM ES3B0O4

LEN

-2J0399{ 0T TaNJ SNOTIVA Y3TA JOJENQWOD T TIpom JO ADUSTITIFa UOTIMQWO) *PINUZU0] ~ T2 MBI
“HCT TRPOR ()

OF3wx Jpw-Tang
¥20” 220" 020" 810" 910° ¥10° 210° 010" 800" 900°

/ oL
A/ I | o o
B o
= : -1 3
[24
L =2 m m
a
L O—"1 —o ] a =
S Y (&
// 1/ 4 .m
/ 4 \ .u
: o
i 4 B
¢ a o
TOEIFPUOD
o vl 393L .
T | ‘
* “
” i
, |
| _
» | ] - . b3 )
| !
—— - ' — - - P — T e e e o T T e




R
Ry

NACA RM ES3B04

CONFIDENTIAL

42

i

0° ¥20° 220"

*0QT PU9 KT STIPON (P)

opjex Ipe-TIg

*830309(UT TINJ SNOTIWA YITA JOJUNQEOD CT T2pow JO ASUITOTIJP UOTIMQWO) *PINUTIUC) - T2 »MPTL

92 020" 870" 10N y10° 210° 010" 800" oow‘o
//
oS
\ AN 09
N N
/// N
[+ % // / oL
/// / /,
W N
‘_ /// //./.al / - o
O | ———— L
3 3T v // /
— 12 4 /OVA/ 06
2 €T v /Ibl.
q =] / J .
— UOTRFPUOY Topou
4831 I038MqROD
[ 1 | ] 00T

quadxad ‘Aousyorie TOTIENGROD

CONFIDENTIAL




43

CONFIDENTTIAL

NACA RM ES3B04

R0

"8X0323(UT TINJ SNOFIVA Y3FA I0O3ENQEOD CT TIPOM Jo ASUITOTIJS UCTIMQWO)

§20°

220°

020°

*HST TopoM (@)

O3ex Ipe-Tag

810°

910°

¥10°

*panuijzuO) - ‘TZ dMBYJ

eig”

010°

2

N8

09

oL

T

)
€

WOFITPUOD

4

Isar -

|

<
a

00T

L |

quadzad ‘LOuITOTIFe uoTEnqWoy

CONFIDENTIAL




e ot e 5 A g

' r 1 N % M w

NACA RM ES53BO04

+820309(UT TINF INOTIVA HITA JOJWRQEWOD §T YPPOW JO KOUITOTJJ9 WOTIINQWOD “pPINuUI3uO] - ‘T2 BT

=
. *IST TP (3)
o338 Jpe-Tang
¥20° 220" 020° g10° 970° 1{0°* 210° 010° 800° 900°
I | L
WVIVN
g - m 2
/ \ o
W //.’ o - II\‘\\\Q Wy m
; [
5 TR = | : 5
- ———0 =
| W —— 8
- <
/a//%/ o \\ g
"
- - 4 p-| I o — 4 " " g Q
o) v — A L == Tl g T m
g a 0o o h
- Y ]
uoi3ipuod
.u.aﬁ

44




45

CONFIDENTIAL

NACA RM ES3BO4

*810393(UT TNJ ENOTIVA QLA JOFAMGWOD LT [IPom Jo AOUITOTIJP UOF3eMqmo)

*0ST TI0oW (9)

op3eI Jpv-Tangd

*pIPRTIN0) - ‘TZ ImBrg

uadaad ‘AoustatIe WOTIINQWOD

CONFIDENT IAL

820° v20° 220° 020° g10° 910° ¥10° 210" 010° 800° 900
oL
VIVN
~1_ o8
] — v
I~
1/
/
/rl/l
e, a g 06
ot =,
/ju
a_— 4
—a
'/
- 4 4 . 00T
o) v P/.
¢ a ) /
- WOTFTPUOD N
3935, T~
P~
| |
b
¥ * 1 £ ¢
e Z L e e
»pp—— hd -




.. g - ez
g T . R— e Pait P psa

2
(2
&
3
=

NACA-Langley - 4-8-53 - 328

*0 UOTATPUOD 3833 38 JOJSNQEOD NPT TIpow JO KAOUITDTIJD UOTISNAQEO) - °2Z ¥InItd

OF3ex Ipe-Tong
920° ¥20° 220" 020" eT0" 970° $TO" 10° 010"

rp
3

CONFIDENTIAL
//"

CONFIDENT IAL

 —

quadIad ‘AdSUerotIId UOTIINQWO)

00T

46

e n e i e s St e,




$OHLST MY VOVN "IN

(1340) wo\uTYsTAL ‘VOVN ®04) Srqueengo neydoD)
-Jad 0y dosp 2anesasd ¥ pednpoid pur ‘pajeSiisaauy
sz dosp aanssead-mo| 10) paudisep 10}ENQWOD

v ‘vonyippe ul "paads FuTBuL ISINID 1 193] 000 ‘19
0} dn sIpRIFIE J® WIDIA gg FAOQE S(IUID]J)0
TONENQWIOD PAYS YoJym 1an] sodea Suisn padotsasp
RA IOWNQUWIOD YV ‘suldjyed 1oy AIjus-ayv Jouyl g

TVILNITLINOD

PN

YO€CS3 W YOVN ‘I

(13r0)

uoyiurye ey ‘VOVN wmol) siqueEqo seydo)

~13d oy doip axnesaid v peosnpold puw ‘pajelnIssauy
wea doJp 31nEsead-a0] 10) pouBysep J0)ENQUICD

® ‘uopyppe u]  -peads aurBus SENID TE 1835 000 ‘19
0) dn sapMI[e I¥ WadIad g A0qE SI[IUI[I[JR
uonenquiod dAawd yoyym 1an] sodea Suisn padorsadp
SuM JONQWOD ¥ ‘SUIINNed IOy AIWI-Iye JIUY] T

pIRAOH ‘£ ‘SPIND ‘I puv sawayds 1G139fuy (9] 11 JO suvewr Aq pajsipotm PIwMOH ' 'spIMD pUt souIayds 1010afuy 1M] 11 JO sueaw Lq patsIpom
"L 1) 'usadzoN I FRA J0}NQWOD SIYL  ‘uopjoefuy 19n) pmby Joj pado L %) ‘udaBioN - fUem 10}SNQUIOD STYL ‘UOy}dafuy 1an] pb]l J0j pado
(tz-se) sauriug ~10A%p A1Sm01A92d UGIG PRY YDTYM JOMNGWIOD JWTNUGY {z'e'so) sourBuz ~10A9p Asnorassd udaq pey YIIYA JOWNGUIOD JTEOUUE
SUQIN], - UOIINQWOD ¥y UR JOo WIWBaw 1a)xenb-suo ¥ Uy [an] 10dwa e |~ PVIGIDRL - vopsnquo)y - Us jo ]MIWBIE I9)renb-su0 ¥ U (0] Jodwa A
(b°1°55) PIIONPUOD SR UOHERIINIAU] 1O0p JDANU0I-)OILP V (rrgg) PPIINPUOD SR UOHIEINISIAUT 1ONP 1DIUTOD-)IBITP V
uopesTmoIY [and uopITMOTY 1and .

10 $150J79 - voysNqWo) ‘g TVILNAAIINOD JO S1O813F - uoNNQWO)  * TYLLNIALINOD .
(1°s°g) waeuan (vogSST PO VOVN) “sqey g 'satepp (r's's) TeIouan) (y0HEST WH VOVN) “oqe} 2 “-sxBwrp
- g2IRIEIY UORENqWOD T dgy  "gS61 TT3dY  "SPIIYD PIEMOH “f puw usaBION ~ DIRIEFY UOTISNqWOD -dgy  "$S6T [11dY  "SPIIYD PIEMOH ‘f put udIBION
(Es¥c) sprasmg ‘L W) “TANd MOdVA HLIM HOISNENOD (z's'vyg) eproemd *L 13e) 11204 HOdVA HLIM HOLSNENOD
PUv ‘sRf wrey ‘seuug LArOUNL HYTIONNY NV JO ZONVIIOINI NO pue ‘swap wwy ‘seurtuy LArOAUNL HVTINNNY NV 4O JONVIHOJUAd NO
suiqInL - 0 ‘T NOISEA HANI'T ANY SHOLDACLNI 13N 40 LOAJ4H sujqInL - syeng  ° NOISAA MANI'T NV SHOLDACNI 1204 40 1AL
NOLLYRUOLD LIRSS ‘SOINVUOIIV J0] SIPJWWOY) LIONIADY [RUOTIEN NOLLYINRNOL LLINO3S ‘SOFIRUOIAY J0] W WO) LI0SIAPY [RUOTIEN
TVLLNIGLENOD yoassT WH YIOVN TVLLNIALINOD YOHESE I VOVN
IVLLNZQLINOD (1340) vorBuTe e ‘VOVN Wialj sjqereiqo xopdo) IVILNIQLANOD (3910) vojBuTNTAL ‘VOVN W01y s1qeuTEIge 20D

POHESE Y VOVN I

pIvacH £ ‘SpIud

"L 1) ‘uaadizoN

(2265 saupiugy

SUIGIN L — UVOT)ENqEIO)
({20 & 5]

voyyezyWOTY 1eng

JO S100JJH - UOTIENQUIO)

(1°s°g) Tex3udn)

~ PITISIY VONINqWIO)

@°'s¥§) Swfamma

pus ‘spRp uwwy ‘seuphug
ujqIny - sng

TVLLNIJLINOD

¢

. .
«~ -

~12d oy dosp Ianssaid v peonpord pun ‘pereBnssauy
sea dorp axnesdid-mof J0) poudiedp 10)ENQII0d

® ‘UonippE Ul  paads UBUI ISNID JE WI] 000 ‘19
o} dn #pnITITE T8¢ WId1Ad gg JA0GE SI[OUIDIe
woTINQUIOD IAXS YITYM 19n) zodwa Suysn padolIavp
FEA 10I8NQUIOY ¥ "sulIyed oy LIud-aTe Jauyl g
PpuT sowayds 10)08(uf 1an) 1T jJO suwam Lq pIfjIpow
SR I1018NqWOD SIYL °uoy)dA{fuy 1anj pinbyl J0j pado
-19A9p A[FnotAdad uadq pey YOTYM JOWNQUIOD Je[nuuR
ux Jo wawdes 12)rwnb-auo € Uy 13n) 10dea Yita
PIIODPUCD SR UOTJEB[ISIAUT JOND JOIU0D-1IIIP ¥

IVILNAAINOD X
(YOHCST WH VOVN) ‘sqey g “"sidwep
'dgy  “CS6T [1IdY  ‘SPTIYD PIRMOH °f PUR UIIBION
‘L 1%)  “7ANL HOAYA HLIM HOLSNEWOD
JLALOMHNL HYINNNY NY 40 IONVMHOIUAA NO
NOISTAQ HANI'T ANV SHOLOALNT 1AN4 40 LOAIIT
*EO[IEUOIIV 10] IINWWO) KIOSTADY [WUOTIRN
YoHESE MY VOVN

P

y0d£s3 WY VOYN ©

piemoy ‘£ ‘SPIYD
-L 1) ‘vasdioN
(z'2's°5) saupdug

wuyqany ~ vonsnquod °

»-1°s7¢)
uoryezwIoyy [and

Jo 1)08})3 ~ uoyenquo)

{1°g°¢) e33ud)

- OIVINIY UOVIENQWOD

(Z°c¥'g) =prasmd
puT ‘SRr urey ‘seupuld

auiqan] - spang
NOLLVIRBOAN LLINDTS

TVILLNIALINOD

~d8

~ TVLLNIAANOD

~18d op doap sanseaid € peonpoid pun ‘pITEdIsIauy
sea doip aneeeid-ao] 10§ pouBisap 10WDQWOD

® ‘vopippe ul -paade sujBuas ISINID JE J93J 000 ‘T
0} dn sapniTe % uIdIad g6 da0qE SOV
uonIENqQOd AR YITYm [anj Jodea Suisn padoraasp
sea JOJINQWOD ¥V “suldjyed atoq Lxpia-ave Jaupy g
pue sawayds 108Ul a0 1 JO suvam Lq patjIpom
SEA JOISNQWIOD SIYL "uopdI[ut 1an) pinbyy J0) pado
-13A3p A1enojasid Uddq pey YITYA IOWNQWIOD Je[nuue
uR Jo MIWIee 293renb-200 v uy ANy 20deA YA
PIONPUOD FEM UOTIRBIISIAUT JONP JOIUUCI-1IIP ¥V

(roHeST WY YVOVN) “sqey 7 ‘-sidwp

“dgy  “£§61 TTAdV  “SPIIY) PIVAOH [ pue UdIBION
‘L WD “TANA HOdVA HLIM HOLSNEMNOD
LIAMOAUNL HVINNNY NY 40 TFONVMHOI YA NO

. NOISIQA HINIT ANV SHOLDIACNI TdNd 4O 1LOZJIY

*#2[INTUCIIY 10] }INJWWO) AIOSTAPY [RUOTIEN
¥0dEST WH VOVN




TVILNIIINOD uolIYsEM 'YOYN Wwouy Aqruieqo s3jdon

TYILNAAIINOD
~
VN st K\\«.\u\m‘ﬁh,/.,.. .
“a01 sEA £2U31D1))0 uonISnquon
ay} ‘xasamoy S1018nqwod reudjao ay) vey; Jamor yuao
NOLLVIWOANI LLInDas NOLLVINWOUNI LLIMND3S
TVLLNIATINOCD | Jomnmm WY YOVYN TVLLNIQIENOD
|
b .
IVILNIQIINOD vaduiysem ‘YOVYN wouy 21qrugeqo s3)doy) IVILNIAIINOD
|
% VIVN
"MOT SEMm »oco_ugw uongnquod !
aly ‘19A9mOY 1018nquiod Teu1dia0 ay) uey; J3M0[ JUID
NOLLYRNOJNI X1runDag NOLLVIROJNT ALINNDRS
IVILNIAIINOD y0deSd WY VOVN TVILNIQIINOD

uoulysem ‘yovN wosy 31gTuIeIqo 591dD

"MOT 5TA AJUB[OITJ8 uoysSNqmIOs

3y} ‘zasamoy lx018NnquIos Teuidiao sy3 vey J3MOT 3D

YO0HEST WY YOVN

‘ uouIysEM ‘YOVN woa) afqrureo sardon

‘Mot sem £duardyyge uonsnquos

3y; ‘Jaadmoy frojsnquios Teui3iio ay; uey) Jamor Juad

POHEST WY VOVN




